Evidence is presented for the production in dengue type 2 virus (DEN-2)-infected BHK cells of large virus-specific proteins with molecular weights up to 250000. These proteins were.most prominent in lysates of cells which had been labelled with [35S]methionine for 7 to 15 min. During pulse chase experiments, these high mol. wt. proteins appeared to be converted into smaller, more stable, proteins with mol. wt. between 10000 and 98000. Finally, inhibition of proteolysis prevented the chasing of label from the high mol. wt. proteins to the smaller viral proteins which normally accumulate in DEN-2-infected cells. These findings are consistent with the idea that processing of large polyprotein precursors plays an important role in the production of flavivirus proteins.
Flaviviruses (family Togaviridae) comprise a genus of more than 60 immunologically related viruses, most of which are transmitted by arthropods. The spherical virion is composed of an envelope, a single-stranded RNA genome of positive (mRNA)polarity (mol. wt. 3.9 x 106) and three structural proteins: a glycoprotein (E; mol. wt. 50 000 to 65 000), a capsid protein (C; mol. wt. 14000) and a small peptide (mol. wt. 8000) which may function as a matrix (M) protein (Westaway, 1980) . Only one mRNA species, of genome size, has been identified in flavivirus-infected cells (Boulton & Westaway, 1977; Cleaves & Schlesinger, 1977; Naeve & Trent, 1978) , and the structural protein genes are located at the 5' terminus of this mRNA (Wengler et al., 1979; Svitkin et al., 1981) . Thus, among the class IV RNA viruses (Baltimore, 1971) , the flaviviruses more closely resemble picornaviruses than alphaviruses, both with respect to the number of mRNAs produced and the organization of genes within the genome.
Within flavivirus-infected cells, up to 10 virus-specific proteins have generally been identified. The mechanism by which flavivirus proteins are translated from the viral mRNA remains unclear. One possibility is that the viral mRNA is translated into a single large polyprotein which is then cleaved to produce the 'mature' proteins, both structural and nonstructural, found in infected cells. However, the largest viral protein described to date in infected cells has a mol. wt. of only 98 000, a size which accounts for only about one-third of the theoretical coding capacity of the mRNA (mol. wt. 3-9 x 106). As an alternative mechanism, Westaway (1977) has suggested that flavivirus translation involves multiple initiation sites on the viral mRNA.
In this report, we demonstrate the production, in dengue virus type 2 (DEN-2)-infected BHK cells, of between six and eight virus-specific proteins having tool. wt. ranging between 100000 and 250000. These high mol. wt. proteins have properties consistent with the theory that they are precursors to the various smaller viral proteins (mol. wt. 10 000 to 98 000) which accumulate in DEN-2-infected cells.
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The stocks of DEN-2 used in this study were grown in roller cultures of KB cells and were assayed as described previously (Cleaves & Dubin, 1979; Cleaves et al., 1981) . The BHK cells were grown as described by Stollar & Thomas (1975) .
The analysis of flavivirus proteins in infected cells is complicated by a significant level of host protein synthesis throughout the infection cycle. Therefore, in the experiments described below, DEN-2-infected BHK cells were treated with 1 gg/ml actinomycin D for 16 to 18 h prior to labelling with [35S]methionine; this resulted in a significant reduction of host protein synthesis with no detectable effect on viral protein synthesis (data not shown). Fig. l(a) , lane 2 shows the pattern of proteins in DEN-2-infected cultures labelled with [3SS]methionine for 2 h. At least 10 virus-specific proteins can be identified in infected cell lysates (compare Fig. 1 a, lanes l and 2, uninfected and infected cells respectively). The largest clearly identified viral protein had a mol. wt. of 98 000. Although the amount (gg protein) of extract from infected cells applied to the gel was double that from the uninfected cells, the intensity of the host-specific protein bands in Fig. 1 (a) , lane 2 was much reduced relative to that seen in lane 1. This indicated a significant reduction in host protein synthesis under the labelling conditions used.
If large polyprotein precursor molecules were present in DEN-2-infected cultures, it is likely that they would be short-lived. If so, they would be difficult to identify in long term (2 h) labelling experiments. We therefore examined the pattern of viral proteins synthesized after a 15 min labelling period ( Fig. l a, lane 3) . There were about six discrete bands with mol. wt. between 100000 and 220000 in the infected cell lysate. These proteins did not co-migrate with those found in lysates from pulse-labelled uninfected cells ( Fig. 1 a, lane 4) , which suggested that they were virus-specific.
It should be noted that none of these samples was boiled prior to electrophoresis. It was therefore possible that the viral high mol. wt. proteins represented non-covalently bound aggregates of proteins, incompletely dissociated by Laemmli (1970) sample buffer. Samples of lysates were therefore boiled for 1 min prior to electrophoresis and the protein pattern in the 100000 to 220000 mol. wt. range (data not shown) showed no change from that seen in Fig. 1 (a) , lane 3. This result was consistent with the idea that these high mol. wt. proteins are composed of single peptide chains, rather than aggregates of two or more proteins.
Pulse-chase experiments were carried out in order to obtain evidence as to whether the high mol. wt. viral proteins seen in Fig. 1 (a) , lane 3 might be precursors to those DEN-2 proteins in the 10000 to 98000 mol. wt. range. Fig. l(b) shows the protein patterns from such an experiment; uninfected cells are represented in lanes 1, 2, 9 and 10 and DEN-2-infected BHK cells in lanes 3 to 8. None of the cell lysates was boiled. After a 7 min pulse (compare lanes 1 and 3), eight to ten DEN-2 high mol. wt. proteins and seven of the viral proteins between 10000 and 98000 tool. wt. (P98, P86, P82, P71, GP65, P55 and P31) were detected. In addition, a previously undetected virus-specific protein (mol. wt. 39000) was seen. When the labelling time was increased to 11 min (lanes 5 and 9), P26 and P10 became detectable and, after a 15 min pulse (lane 7), three proteins in the 24000 to 26000 mol. wt. range were detectable. As the labelling time increased from 7 to 15 rain, the prominence of the high mol. wt. proteins also increased.
When the pulse-labelled cultures were followed by a 30 min chase (lanes 2, 4, 6, 8 and 10), P39, P55 and all of the viral high tool. wt. proteins except one disappeared. At the same time, and depending on the length of the labelling period, P82, GP65, P31, P29, GP24, P20, P14 and P10 showed significant increases in band intensity. Since there was no further net incorporation of label during the chase period [in fact, the specific activities (c.p.m./gg protein) of the cell lysates decreased by 20 to 30~ during the chase interval; data not shown], we attribute the observed increase in labelling of virus-specific proteins to transfer of isotope from the high mol. wt. 'precursor' proteins.
Although the patterns from the uninfected cell lysates (lanes 1, 2, 9 and 10) also show a number of proteins in the high tool. wt. range (i.e. greater than 98 000), these proteins were stable during the chase, a finding which differentiated them from those of the viral high mol. wt. proteins.
These data are consistent with the idea that the viral high mol. wt. proteins are short-lived, 1 and 2) or 15 min (lanes 3 and 4) before harvest on ice. The cells were scraped from the plate with a rubber policeman and washed twice by centrifugation with 2 ml phosphate-buffered saline. The cell pellet was resuspended in 10 vol. Laemmli (1970) sample buffer, sonicated and stored at -2 0 °C. Cell lysates were electrophoresed on a slab gel apparatus (12 × 15 x 0-125 cm) using the discontinuous buffer system of Laemmli (1970) but with a 7 to 15~/o acrylamide concentration gradient in the resolving gel (Margolis & Kendrick, 1968 1,3, 5, 7 and 9 ), while the remaining cultures were 'chased' for 30 rain (lanes 2, 4, 6, 8 and 10) prior to harvest. Equal volumes of the cell lysates (with the exception of lane 8 which received only 1/2 that applied to the other lanes) were analysed, as described for (a). Lanes 1 and 2 (7 rain label) and 9 and 10 (11 min label) are from mock-infected cultures. Lanes 3 to 8 are from DEN-2infected cultures labelled for 7 min (lanes 3 and 4) , 11 rain (lanes 5 and 6) or 15 min (lanes 7 and 8) .
polyprotein precursors from w h i c h most of t h e smaller D E N -2 proteins (mol. wt. b e t w e e n 10000 a n d 98 000) are derived. If this hypothesis is correct, i n h i b i t i o n of proteolysis would be expected to result in an increase in b o t h the size a n d a m o u n t of these p u t a t i v e polyproteins, c o n c o m i t a n t w i t h a reduced p r o d u c t i o n of viral proteins in the 10000 to 98000 mol. wt. range. W e therefore tested the effect of two i n h i b i t o r s of proteolysis on viral p r o t e i n production. Cells were pulselabelled (15 rain) with [35S]methionine in the presence or a b s e n c e of Z n 2+ a n d T P C K ( K o r a n t , 1972; B u t t e r w o r t h & K o r a n t , 1974). C o m p a r i s o n of the p r o t e i n p a t t e r n s from u n t r e a t e d a n d treated cell extracts (Fig. 2, lanes 1 a n d 3 respectively) shows t h a t a d d i t i o n of the proteolytic inhibitors resulted in: (i) a n increase in the a m o u n t of label in the high mol. wt. region of the gel, (ii) a reduction in the intensity of all viral b a n d s in the 10000 to 86000 tool. wt. region of the gel, a n d (iii) the a p p e a r a n c e of two new, larger proteins (mol. wt. 240000 to 250000) not d e t e c t a b l e previously. T h e largest protein in cultures not t r e a t e d with i n h i b i t o r s h a d a mol. wt. of a b o u t 220000. Fig. 2 . Protein production in DEN-2-infected BHK cells treated with inhibitors of proteolysis. BHK cell cultures were infected with DEN-2 and treated with actinomycin D as described in Fig. 1 (a) . At 25.5 h post-infection the cultures were pulse-labelled with [-~SS]methionine for 15 min in the absence (lanes 1 and 2) or presence (lanes 3, 4 and 5) of 10 ~tg/ml TPCK and 1 mM-ZnC12. After the pulse labelling period, unlabelled melhionine (30 ~tg/ml) was added to all cultures and cultures in lanes 1 and 3 were harvested on ice. The medium on the remaining cultures was replaced with prewarmed MEM without (lanes 2 and 4) or with TPCK and ZnCI2 (lane 5) and they were further incubated for 1 h before harvesting. Equal volumes of all lysates were analysed as described for Fig. 1 . The estimate for the mol. wt. of the largest viral protein (250000) was determined in a separate analysis on an 8~'/o gel, by evaluating its position relative to two protein standards, calmodulin (340000) and myosin (200000).
After a 60 min chase, the loss of the high tool. wt. proteins from the untreated culture was, as expected, accompanied by an increase in those viral proteins in the 10000 to 98000 mol. wt. range (Fig. 2, lane 2) . This result contrasted sharply with that seen when infected cultures, labelled in the presence of T P C K and Zn 2+, were chased in the presence or absence of these inhibitors (lanes 5 and 4 respectively). In either case, there was little change in the labelling patterns after a 60 min chase, indicating that inhibition of processing was irreversible, even after removal of the inhibitors.
As found for the samples in Fig. l(a) , boiling the samples in Fig. 2 (1 min) prior to electrophoresis had no detectable effect on the migration of the high tool. wt. proteins (data not shown).
Our findings represent the first clear-cut evidence for the synthesis of virus-specific proteins with mol. wt. greater than 98000 in flavivirus-infected cells. Their size, their prominence in extracts from pulse-labelled cells, their apparent conversion to smaller proteins during 'chase' experiments, and their increase in size and amount when labelled in the presence of inhibitors of proteolysis supports the interpretation that these high mol. wt. proteins are, in fact, polyprotein precursors to the DEN-2 proteins in the 10000 to 86000 mol. wt. range. Although we have not specifically identified the polyprotein which would represent the entire coding capacity of the viral genome (expected mol. wt. 350000 to 400000), our finding of large protein precursors is consistent with R N A sequence data of Rice et al. (1985) who found that the genome of another flavivirus, yellow fever virus, contains a single open reading flame about 10000 nucleotides in
